ABSTRACT -This study aimed to establish an adequate tetrazolium test procedure to estimate okra seed viability. Initially, seeds from four okra lots were immersed in alcohol (98%) for 60 minutes, followed by an 18-h soak in distilled water at 25 °C. Then, the seeds were longitudinally sectioned, immersed in 0.025, 0.050 and 0.075% tetrazolium solutions for 60, 90 and 120 minutes and maintained in an oven at 35 and 40 °C. Subsequently, the seeds were evaluated for viability, based on tissue color (bright red, pink or dark Carmine red). Simultaneously, a germination test was conducted, and its results were used as a reference for the tetrazolium test. The experiment was carried out in a completely randomized design, in a 3 x 3 + 1 factorial scheme (three concentrations of tetrazolium salt x three immersion periods, plus the control) in four replicates of 50 seeds for each treatment. The tetrazolium test to estimate okra seed viability should be conducted in 0.075% tetrazolium solution, for 90 minutes, at 35 °C. 
INTRODUCTION
Okra [Abelmoschus esculentus (L.) Moench] is an annual vegetable, native to Africa and introduced in Brazil by slaves (FILGUEIRA, 2008) . Due to its rusticity and being considered a crop of low production cost, this species has been grown in regions of tropical and subtropical climate and does not require advanced technology for its cultivation (LOPES et al., 2010) . It is widely cultivated in Brazil and is very important for the economy and society, but there remains a lack of research into okra, particularly concerning its seeds (TORRES et al., 2014) .
Using seeds with a high physiological potential is a requisite for obtaining a uniform plant stand in the field and, therefore, for maximizing production. Thus, the standard method to assess seed physiological quality is the germination test. However, for okra seeds, this test has limitations, especially regarding the relatively long time of 21 days required to inform results and make decisions (BRASIL, 2009) .
In this context, the tetrazolium test has been widely used in quality control programs to evaluate seed viability in a fast and effective way, especially for species with dormancy or slow germination, such as okra seeds (MARCOS FILHO, 2015; BRASIL, 2009) .
Nevertheless, various factors interfere with conducting a tetrazolium test, such as solution concentration, temperature, seed exposure time and seed preparation before staining (PAIVA et al., 2017) .
The tetrazolium test has been used to assess the physiological quality of various species, such as soybean (FRANÇA-NETO; KRYZANOWSKI; COSTA, 1998), Brachiaria (NOVEMBRE; CHAMMA; GOMES, 2006), maize (CHAMMA; NOVEMBRE, 2007) , cotton (CERVI; MENDONÇA, 2009 ), sunflower (SILVA et al., 2013 and wheat (CARVALHO et al., 2013) , because of its quality and fast results. Among vegetables, this test has been used to assess the viability of seeds of zucchini , tomato (SANTOS; NOVEMBRE; MARCOS FILHO, 2007) , watermelon (NERY; CARVALHO; OLIVEIRA, 2007) and cucumber (LIMA; PINTO; NOVEMBRE, 2010) . However, for okra seeds, there is no information available on the use of tetrazolium test in internal programs of quality control, probably due to the scarce research on the standardization of the methodology for this species.
Given the above, this study aimed to establish an adequate tetrazolium test procedure to estimate okra seed viability.
MATERIAL AND METHODS
The research was carried out at the Seed Analysis Laboratory of the Center of Agrarian Sciences of the Federal Rural University of the Semi-Arid Region (UFERSA), Mossoró-RN, Brazil, using four lots of okra seeds, cultivar Santa Cruz 47, provided by national seed-producing companies in the 2013/2014 season. The lots were initially characterized and subjected to the following evaluations: 1) moisture content -a method using an oven at 105 °C, for 24 hours, with two subsamples of 5 g of seeds per lot. The results were calculated based on wet weight, according to the Rules for Seed Analysis (RAS) (BRASIL, 2009) . 2) A germination test -conducted for comparison with the tetrazolium test results. Four replicates of 50 seeds were used for each lot and the seeds were sown at a 3-cm depth on trays containing washed and sterilized sand as substrate, moistened with distilled water at a proportion of 60% field capacity. The temperature during the test was alternated between 20 and 30 °C and seeds were counted 21 days after sowing, with results expressed as a percentage of normal seedlings (BRASIL, 2009) . 3) Tetrazolium test -a preliminary test was conducted to establish the best pre-conditioning procedure and seed preparation necessary to obtain adequate color to evaluate and interpret the tests. Seeds were pre-moistened through direct immersion in alcohol (98%) for 60 minutes, followed by washing in running water, soaked again in 50 mL of distilled water and maintained in a Biochemical Oxygen Demand (B.O.D.) chamber for 18 hours at 25 °C (EICHELBERGER; MORAES, 2001 ). Subsequently, seeds were placed in tetrazolium solutions at concentrations of 0.025%, 0.05% and 0.075%, for periods of 60, 90 and 120 minutes, at temperatures of 35 °C and 40 °C, in the absence of light.
The tetrazolium test was conducted using four replicates of 50 seeds from all lots separately, for each combination between solution concentration and staining period, totaling nine treatments. After each staining period, the solution was drained, and the seeds were washed in running water and were maintained submerged in water, arranged in a refrigerator until evaluation. The seeds were individually evaluated using a benchtop stereo magnifier microscope (6x) for the presence or absence of color, location and intensity.
Differences in seed tissue colors were verified according to the criteria established for the tetrazolium test by França-Neto, Kryzanowski and Costa (1998) . According to these authors, viable seeds have embryos with completely light pink or bright red color and radicle tip without milky/yellowish white color. Seeds whose embryos exhibited a completely Carmine red/intense red or milky/yellowish white color, and whose radicle tip was uncolored or intense red, were classified as unviable. The results were expressed as a percentage of viable seeds.
The experiment was carried out in a completely randomized design (CRD), in a 3 x 3 + 1 factorial scheme (three concentrations of tetrazolium salt and three staining periods, plus the control germination test) at temperatures of 35 °C and 40 °C for each lot. Data were subjected to analysis of variance by the F test. Means of viable seeds from the tetrazolium test were compared using a Tukey test with a 0.05 probability level being considered as significant. Means of tetrazolium and germination tests were compared using a Dunnett's test at a 0.5 probability level. Statistical analyses were performed using the program ASSISTAT 7.7 beta (SILVA; AZEVEDO, 2002) .
RESULTS AND DISCUSSION
Initially, seeds from the different okra lots showed an average moisture content of 11.3% (Table  1) . A similar moisture content between lots is essential so that tests are not affected by differences in metabolic activities, moistening speed and seed deterioration intensity (MARCOS FILHO, 2015) . In the tetrazolium test, the concentration of 0.075%, regardless of seed exposure time to the solution at 35 °C, led to a higher percentage of viable seeds for lot 1 ( Table 2 ). The results of viable seeds obtained for this same concentration for the 90-minute period are consistent with those of the germination test. The 0.025% concentration for the 60-minute period resulted in a lower viability percentage compared with the other concentrations and exposure periods. 
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*Means followed by the same capital letter (A, B, C) and lower in the line (a, b, c) in column are not significantly different by Tukey test at 5% probability. Means followed by the same letter (x, y), between germination (control = germination test) and viability obtained in the tetrazolium test did not differ significantly from each other by the Dunnett test at 5% probability.
The concentrations of 0.025% for 60 minutes and 0.075% for 120 minutes caused a low percentage of viable seeds in lot 2, of 35 and 19%, respectively, due to a weak and intense red color in most seeds, which were considered unviable (Table 2 ). In addition, the 0.075% concentration for the periods of 60 and 90 minutes resulted in estimates similar to those of the control (90%) for the germination test results. These results agree with those observed by Lima, Pinto and Novembre (2010) in cucumber seeds for the efficiency of tetrazolium salt concentration of 0.075% for 60 minutes.
The results obtained in lot 3 were similar to those of lot 1, for which the percentage of viable seeds increased with the increment in solution concentration and seed staining period, but without differences between the concentrations 0.050 and 0.075% for the period of 90 minutes, and 0.025 and 0.05% for the period of 120 minutes (Table 2) . Also in lot 3, viability estimates obtained in concentrations 0.05% and 0.075% for the periods of 60 and 90 minutes, as well as for 0.075% for the period of 120 minutes, did not differ from the control (57%) in the germination test, suggesting that these procedures are suitable for evaluating okra seeds viability. Hence, coherence was observed between the results of tetrazolium and germination tests for lots 1, 2 and 4 with higher viability and lot 3 with lower viability (Table 2) .
It should be highlighted that, among the tested lots, seeds from lot 3 showed lower viability and lower germination. This lot also exhibited a greater amount of deteriorating seeds, which may have contributed to its low physiological quality.
Lot 4 showed a low estimate of seed viability when subjected to the 0.025% concentration, for the periods of 60 and 90 minutes, and compared with the 120-minute period for the same concentration. This may be attributed to the weak color intensity of the seeds under such a condition.
At the highest tetrazolium concentration (0.075%), seed viability estimates increased for the periods of 90 and 120 minutes, corroborating the results obtained in the germination test of lot 4 (Table 2) .
In general, okra seed exposure to the 0.075% tetrazolium solution concentration for 90 minutes at 35 °C led to the best results in the viability evaluation (Table 2) , since the results of tetrazolium and germination tests were consistent for all lots in this treatment. Similar results were obtained by Bhering, Dias and Barros (2005) and Nery, Carvalho and Oliveira (2007) , in watermelon seeds, in which the 0.075% tetrazolium solution concentration was adequate and allowed a more consistent evaluation, due to the more uniform color patterns. On the other hand, for sunflower seeds, when a low concentration solution was used in association with a short period of exposure to the solution, seed viability was low (SILVA et al., 2013) , as for the results obtained in lots 2 and 4 in the present study.
For the viability percentage of seeds from lot 1 at the temperature of 40 °C, the combination between concentrations and staining periods led to a variation of shades for the exposure periods of 60 and 90 minutes. When associated with the 0.025% concentration, these periods were considered as insufficient to estimate okra seed viability, probably due to the poor staining of the tissues and, in some cases, to the lack of color, resulting in a low percentage of viable seeds. On the other hand, these periods when associated with the concentrations of 0.050 and 0.075% promoted increments in the estimates of seed viability (Table 3) . Table 3 . Feasibility of okra seeds [Abelmoschus esculentus (L.) Moench], cultivar Santa Cruz 47, from the tetrazolium test conducted at different concentrations and staining periods under the temperature of 40 °C.
*Means followed by the same capital letter (A, B, C) and lower in the line (a, b, c) in column are not significantly different by Tukey test at 5% probability. Means followed by the same letter (x, y), between germination (control = germination test) and viability obtained in the tetrazolium test did not differ significantly from each other by the Dunnett test at 5% probability. Still regarding lot 1, higher viability percentages were observed in the 120-minute period at concentrations of 0.025 and 0.050%. Hence, these combinations promoted a clear color of the embryos (Figure 1 ), facilitating the analysis and interpretation of the results, without differing from the germination test in relation to the control (88%). Regarding the effect of concentrations for each staining period, the increment in tetrazolium concentration resulted in an increased estimate of viability for the periods of 60 and 90 minutes, whereas for the longest period (120 minutes), the highest concentration (0.075%) led to a reduction in seed viability (Table 3) . For lot 2, the 0.025% concentration promoted viability evaluation for the periods of 90 and 120 minutes, whereas for 0.050%, the evaluation was only possible in a longer period of exposure (120 min), and the results of these combinations were similar to those obtained in the germination test (90%). On the other hand, the 0.075% concentration did not allow evaluation in any of the periods, especially 120 minutes (Table 3) , which resulted in a substantial reduction of seed viability (10%), probably due to excessive coloring (Figure 2 ). Lot 3, for being the least vigorous among the evaluated lots, showed a high number of seeds with intense red color (indication of advanced degree of deterioration); thus, it was only possible to evaluate the viability according to germination in shorter staining periods (60 and 90 minutes). The combination of 120 minutes, for all concentrations, was inadequate for evaluating the viability of okra seeds, which exhibited large patches of intense red color in the embryos, indicating an excessive exposure period and a strong concentration of tetrazolium solution (Figure 2) .
Concentrations of tetrazolium (%)
Another aspect observed during the analysis of lot 3 was the presence of cracks in some seeds, which probably facilitated the internal diffusion of the tetrazolium solution. This result corroborates the information of Costa and Santos (2010) , who highlighted the importance of adequate absorption of the solution by the seeds because, when viable, they tend to absorb the solution slowly, developing a lighter color than deteriorated seeds, which exhibit a strong pink color.
For seeds from lot 4, the viability results were higher as the staining period and tetrazolium solution concentration increased. Hence, the highest values of viability were obtained for the 120-minute period, associated with the 0.075% concentration ( Table 3) . As observed in the present study, Cervi and Mendonça (2009), in cotton seeds, found that the 0.075% tetrazolium salt concentration, at 40 °C and the 150-minute exposure period were adequate for a uniform color of the seeds.
For the temperatures studied to adjust the tetrazolium test to okra seeds, it was observed that, in seeds maintained at the temperature of 35 °C, viability was successfully evaluated at the highest concentration (0.075%), in the 90-minute period (Table 2) . However, for seeds stored at the temperature of 40 °C, none of the treatments accurately represented the results expressed in the germination test, so that lots with high and low viability cannot be characterized by the same treatment (Table 3) . Therefore, the temperature of 35 °C proved to be more efficient to evaluate okra
